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5 (54) [Title of the Invention] DC-DC Converter 
(57) [Abstract] 

[Problems to be solved] To provide a DC-DC converter 
which can completely drive a switching element under a 
load-less or light-load condition. 
10 [Means to solve the Problems] There are provided, in the 
DC-DC converter 10 of the present invention, between 
input terminals VI & VI' and output terminals V2 & V2', 
an input condenser Ci, switching element (e.g., N-MOS 
FET) Ql, diode Dl, smoothing circuit 2 and voltage 
15 dividing resistance 5 comprising resistances Rl and R2 for 
detecting an output voltage. Further, there is provided 
between the drain and source of Ql a boot strap circuit 3 
which comprises a diode DB and condenser CB which are 
connected at a connecting point B. Further, a switching 
20 element driving circuit 4 is connected between the 
connecting point B and the gate G of Ql. Further, an 
error amplifying circuit 6 and pulse width modulation 
circuit 7 are connected between a connecting point of Rl & 
R2 and the switching element driving circuit 4. Further, a 
25 frequency varying circuit 11 comprising an oscillating 
circuit 12 and ripple voltage detecting circuit 13 is 
connected between the output terminal V2 and the pulse 
width modulation circuit 7. 
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(57) [gf#i)l 

1 5 D C - D C 3 V^-^f S:fil« 

D C -D C 3 i^-^-^ 1 0 tt. A;^JS^ 
VI. VI' i;Hl*S!«^V2, V2' tOSHc. 
Vx>1^Ci. y'J-Virm^^ «;ttfN-MOSF 
E T Q 1 . ^c-r 3^- KD U 2 ftatU5:^«Etl 

tilffi^>BES$t5AJ«A$it4, ifc, N-MOSFET 

5 KD B 1 3 B t ©SBKjSiB t N 

-MOSFETQl<oy-hGi<OWK.tt:, y^W y-f-V 

V%h 7 1 oiBfitt, XIBglK i 2 i: 
» 1 1 




C2) 



4*»l¥lO-2lSS68 



■fS D C -D C => >'r<— ^ |Cjot,>T, 

L. Sty 5'7'/i'SflEO;^c^${ctt:«sjLT, fiExWyf- 

lHl^?:«Sx.fcr t ?r!mai:1-5D C-D C => 

r fc «r1*»i:i-5fiMt«lfcE««D C-D C a 

^ 2 ICiaftOD C - D C 3 V-'<— ^, 
10 0 0 il 

» i: «:« ^ 5 D C - D C 3 K:Mi-5. 
[0 0 0 2] 

[?§*KiSffr] 05 IC, 5f5lecOD C -DC 

ElKS D c - D C = 1 Htefi&p»ESi 

-e«>9, A/JiS^Vl, VI' i:tfJ*jS9-V2. V2' 

X.tfN^-r^-fl'MOS-FET (ar, N— MOSFE 

T) Qi. ^^*-VDiii.xfwmm2»mj<^ix 

5. -tux, N-MOSFETQlWKWVDty- 
;^SiWjai{ctt, N-MOSFETQliS;*-7Lfci:# 
Kl, A;'7«EV i i:, N-MOSFETQ 1 t^-C:*-- 
KD 1 WSSttiS A t ^r^f KD B t^M, 

'f:*— KDB t = ;^f':^1^CBi:rojfeRABi, N- 
MOSFETQl(D-{^-hi:«5WlCtt, ^^-f y'f-:^^'* 

•yifm^Vy-CfWi^Ak-t. N-MOSFETQlt;a- 

^^-f KD B 1 3 Vf-C B fc OSBRiS B *»5> 

10 0 0 31 *fc, N-MOSFETQl©ttl;'j«IK 



E««t5(tS«tR 1 2:«iaR 20jE[$«lBlS!»'e>'!e6. $ 
5>JC. Hl/ja£E«tbffi^JflEffitit5©«gtR 1 fcgftiR 2 

il, KSi«4igI% 6 At;C/-«/u>^«3gl|gI2g 7 H 

100041 a±<Oj:5K:fllfi£$tl,fcDC-DCaV/< 
1 -Ctt, aS^tlffiV o *sti5^«E«ffi«^>ffiig«t 5 
0«*tR 1 i:«txR 2 -e^^BE^FH, til*«BEV o fcit« 

Siv. ta;^«BEVo«cik«-f-5afl£^sSiP«ffJ:'Jte< 

K7 T'SB 4 U-C N-MO S F E T Q 1 y 
vmiBJSfc *J W:*-VSf|BIW-Cfe'5#:^r a-r D 

lalKT&t;;^'!' 5'^l^^<3(I^K7'<'yiHl!54S:^UTN 
-MOSFETQ10:i->'7'3.-7'^D«r/h$< UT, 

[0005] 

9 . U}*««tiS/hS < <t 9 , ft*?T«a{ci£-:J< i , 7- 

[00061 *35Wtt, r w J: 5 <cfa«/S*«Ri-5fc 

«:lt«ti-5 r t «• 
[0007] 

[lBB«rl!Wfe-t-5fc»0^ikl ±J£-J-5raH;Si*J!Kfer 
WimiKirSrfll*., A^mEEJcifc-ia^^ff^ftE-rS 
W-r'5DC-DC3V-K-^lC*5V>T. l!inEffl:^«£E, 

^)5v^ttA:^«BEcoy yy/nsffiiftaiu »y y:^/!' 

[ 0 0 0 8 1 ^ ffirefflSt«:^£lsllS%^«ism#ic J: 
9«»^5Ci:«-<f«»i:-J-5. 
[0 0 0 91 WEtil:^aE, S>5v^«±A^«ffi<0 
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(3) 



lO 0 1 OJ *15WWDC-DC3W<-^!Cj:il(l, 
(00 1 1] 

(0 0 1 2j Sitr, ;*:jS9g(c^?)DC-DC = i^>'<- 
^lOtt, A;'jig^vi, VI' tm^«=f-V2, V 

WxllN-MOSFETQ 1. ^^-C:*--KD1. 
[0 0 13] ^fc, N-MOSFETQltf5K^'f:^D 

B i = i'f'Vf-C B i: ©«RAB t N-MO S F E T Q 

loo 141 -ttr, ¥?»®»2tl='</i'L 1 i:ttSj^ = 

tftR 1 t«StR2 0iS5IJ(ElSA»f,/i5, ta;^«flE 
tta^^^JESfet 5 ©fiSiR 1 4: R2 <omm^ t. :^-Cy 

^FV2 4:^/u;^««ai@K7i:(D|a]»ctt, 

Ki lipWSim. rcoffl«»^3E0»i if±. ^/i^;^ 

iSEISl 2i, ffl;^«^V2(ii?g&i-.5tfJ;^y yYA^^ 
EVo r i pSr«^mf 5fc*©y s' T'/t'SflEftttiiHlIS 1 

loo 1 5J a±coJ;5^c«J5£Si^>!:DC-DC = >'/< 

yP«£EVo r i p«:ttfflL. -twajj^iy yT'A'SJlVo 
r i pn-X%^'^t5CX. «SE1»1 2<D5»fiSfi»4- 

IEWIi]K7(cJ:9, y^'^irtlil-\''y^yjsiK4\c 

5'^V^^*^K7'f'y'S64liJ:9, N-MOS 
FETQ l(r>^^yf^V^^fi»f s w>iS5t^$n.5. 
10 0 16] lil2H, *55Wtw«<5DC-DC3W<- 

^(of!S2(DnmmnmKmi:^T, dc-dc=vx-<- 

^2 0fl, |llfl5||lS<»J<ODC-DC3W<-^' 1 0 

(El) i:(i(fI^(73«^«rLTV>5j5S. A;'3JS-^V l 



loo 1 71 W±Wj;^JC«fig$JxfcDC-DC = W« 
-^'2 0-ett. yy^/waEttttiElKl 3-cA^y 
A'9SV i r i pSr^HJU, -tWA;^ y y7'A/«EV i 

r i pO;*:t$lCrt;CT. «SlsIK 1 2 cO«liffitt|fe* 

3gSSEI»7fcJ:9. yf'>irm^h'7'f:fSin4iz 
;^-1'y^V^<l^^-K7'r7'0»4(JlJ:<5, N-MOS 
10 0 181 ±E<^)J:37imiXV|g2<o|liS«^o?DC 

■cv^sfcft, y yTZ-rt^aiEio^t^fcjsu-c, n-m 

O s F E T(??;^'T 3'f->'^fflSEa:Sr^fl;$-e-«. r id^T 

<'t9. #l^^t^*^i{Cj£-5V^Tt, N-MOS FET 
W^'T 7f">^3JKIIfe5rT»f » N-MOS FET^^ 

loo 1 9] *l*^^i^*>&ftft^i?l^^c4b•^^-c, n 

-MO S F E TOJ^W y^:^^^ffltt»:*TW« r tiiS-C 

10 0 2 01 Hate, ^^m\Z.»^i>D C-D C ='1^^- 

^3 0H:, »lWia6«WDC-DC3>'>'<— ^ 1 0 
(Bl) ^JttltLT, l!lttft^Se@%3 

lo 0 2 il ^tt0:^%gi%3 lit. %|gillSi 2, y 

yr/WtBE^fflBB 1 SXV^i-V - 2h7BK3 2T?«|*S 
:<-7®K3 2lcA;^$it5^«i5«-)|-Slc 

10 0 2 21 ±E©J:5<tJg3O3llfi«<0DC-DC3 

iflCffili-f-Sit, $>5VM4DC-DC3W<-^'(D^ 
mi&ik'^mm:t7-t-i> r i: ic J: 9 . y^i^irm 

10 0 2 31 ig4»C, ^SUgtCffiSDC-DCnVX- 
^'OjS4«IQg0i!«lBlgS®«:^-J-, DC-DC = >^<— 
^4 0tt, SBl«llft«!IWDC-DC=>/<-^ 1 0 

(Si) j:ittt UT. m&fk-^i£mn a i nmmnikti 
5. 
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[0 0 2 4] ^Kft^8:[sIK4 Ifl. SStR3. R4, 
h7>'v';^^'Q2, -f-^U— ^OSC, ¥?tEI!S4 2. 

3ssa!it«Ei»4 a&tfy f ://V'«E«aii2i3Si zxm^ 

[0 0 2 51 *UT. Vy'^'Jy^9<i2<0=' 
u-^ # u—^f O S C Sr^ UT/<A';5^(gSIIBgIK 7 

4 2 , 22EiSi(i4Sia%4 3&rf ^ yy^sstiittiii^ 1 3 

A^»cc?i^5. $p>K:, 2i-v'U-^osci:i'7>Ki: 
[00261 fM.<r>m^X\ ffl^ K y T-zumiEV o r i 

p «rS««^!aK4 1 y y-fA/7sm^\mi& 1 3 -e 

^aiL, ^OT^til^Jxfc«ES:3iE0$iStgSl?S4 3T-i9*i 
U -t<0l9«$ixfc«ffi«rSF7fEl»4 2-e5FJ&t. ^ro 

[0 0 2 7] rntciij, *i:t^SfT«f^L-CV>5i:t 

-7Y^-y''J7^9Qi2mihMjil*y^i&ht£') . Sift 
R 3 t ^Vxi^i^C 1 ::^'r 3'5=->'^^^ft«: 

T?N-MO S F E TQ 1 OT^-f y f^i'^lSf^iff 5 wi: 

[0 0 2 81 ^UT. tii^y yr/U^JIVo r i p*s«i 

S^x^rQ2(^'<-;^«Ea5ltSigf Si. SiiR4lcig 
ix5J6«t*tt!in-t-5fc», e*tR4©md»Jt±©g$i«i[ 
L, -toi^*. ««:r 3 i:«StR 4 ttrykOSS.^ 
=^'•rVi^C 1 i:-eitS$*v5N-MOSFETQ 

[0 0 2 91 ±E©i:55tlR4<0|li6«ODC-DC3 
R4J::«ix5SJe?:3E'fl:$-it5ri:(cj:9. »fitR4 0 
-MOSFETQl(0;^-< y^>irWimk^^S,VLWX. 

[0 0 3 0] 

[«?^«)9!i*l a*5i«)DC-DC3>'/^-^jc:j:h< 



[0 0 3 1 1 *lA^s^«^A-?J^i«^SB$^w*3^^T, ;^ 
©Ji*, Dc-DC3w<-^os»*=&iif<-r5riiJ 

[0 0 3 2] »JS^2^?DC-DC = V/<-^^CJ:i^ 
it, S)5v^f±DC-DC = >/-<-:#'<D«^y''<'XdS:*: 

[0 0 3 31 i»*^3<0DC-DC = >'/<-^(CJ:H 

(HaDwflSJu/jMasqi 

[021 *«?g(7)DC-DC3i^^-#K:«^<5«2©3t 

[03] *5!WWDC-DC=':^v<-^{cfii5^3(0|l 

(041 *:J!gq(ODC-DC = >^— ^lc:fik5JR4fl336 

[0Sl ?S3lE(DDC-DC = >^-^OSISBT*>i« 
(??F-e-<ORWl 

6 Wllit4IlEll8 

7 «3EH0K 

10, 20, 30, 40 DC-DC3:^^<— ^ 

11, 3 1. 4 1 ^Ktt^aSEB 
C B = >y i'-!^ 

DB ^''-f:*— K 
Ql 'j^^yim=t- 
R4 
S 

Vorip, Virip y-ffi^VS. 



